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Purpose: Divergence insufficiency is generally regarded as a neurological event. While
high myopia is not a well-known cause of divergence insufficiency, we frequently encoun-
ter divergence insufficiency in high-myopia patients. Thus, the purpose of this study was to
report detailed information on such cases and examine mechanisms that might potentially be
responsible for this disorder.

Methods: We investigated 20 cases of high myopia (>—6 D) with divergence insufficiency,
20 cases of high myopia without double vision, and 10 normal cases as controls. Using magnetic
resonance imaging (MRI), a coronal image 6 mm anterior to the eyeball-optic nerve junction
was measured and used to examine the extraocular muscle (EOM) path shift and angle of the
eye. Higher angles in each patient were used for statistical comparison.

Results: In high-myopia patients with divergence insufficiency, ocular axis measurements
ranged from 24.8 to 31.0 (mean £ SD: 27.6 = 1.6) mm. In high-myopia patients without double
vision, the ocular axis length was 27.6 £ 1.3 mm. In normal cases, the ocular axis length was
23.5% 1.0 mm. The EOM angles in these patients ranged from 100 to 140 (112.9 +9.7) degrees,
which was significantly higher (P < 0.05) than that seen in the high-myopia patients without
double vision (average EOM angle, 99.2 + 2.8 degrees) and normal cases (average EOM angle,
97.9 £+ 3.8 degrees). However, orbital lengths in the patients were 41.0 to 48.9 (44.6 £ 2.3) mm,
which also differed from the high-myopia patients without double vision (average orbital
length, 49.9 + 2.0 mm) significantly (P < 0.05). In normal cases, average orbital length was
45.5+1.6 mm.

Conclusion: In high-myopia patients with divergence insufficiency, nasal shift of the superior
rectus and an inferior shift of the lateral rectus were observed, but the orbital lengths were
normal. Divergence insufficiency may be caused mechanically by shifts of the EOM due to the
presence of a long axis. Therefore, high myopia with a long axis can be considered to be a risk
factor for the occurrence of divergence insufficiency.
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Introduction

Divergence insufficiency has often been thought to be induced by a neurological
disorder of the central nervous system. Although high myopia has not been considered
to be a cause of divergence insufficiency, we have frequently observed high-myopia
patients with divergence insufficiency in the absence of other neurological disorders.
Restrictive ocular motility disturbances associated with high myopia have been
described via the use of computed tomography (CT) and magnetic resonance imaging
(MRI).! Yokoyama have reported that both the lateral rectus and superior rectus shifts
were caused by an elongated posterior portion of the eyeball related to the high myopia.
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In the present study, we used MRI to characterize the clinical
features and assess the shift of extraocular muscle (EOM)
that occurs in these patients.

Patients and methods

We studied cases with divergence insufficiency and high
myopia in our neuro-ophthalmology clinic. To be enrolled
in the study, patients had to meet the following 5 criteria:
1) relatively sudden onset of double vision at far vision, 2) no
double vision at near vision, 3) high myopia >—6.0 diopters
(D) in both eyes, 4) no other neurological symptoms, and
5) a normal brain MRI study. Any subjects with abduction
palsy at the initial presentation were excluded from the study.
A total of 4 male and 16 female patients met the criteria.
Patients ranged in age from 42 to 76 years (58.9 + 8.6), had
follow-up periods from 2 to 10 years, and did not have low
vision, strabismus, or amblyopia. Next we examined 20 cases
of high myopia without double vision and 10 normal cases
as controls following 4 criteria: refraction <—4.0 D, without
double vision, no other neurological symptoms, and normal
brain MRI.

We employed spherical equivalent transportation
to calculate refraction via an auto refractometer (Nidek
ARK-530A%; Aichi, Japan). We measured the ocular axis
5 times in each eye using A mode echography (Carl Zeiss
IOL Master®; Jena, Germany). We used an alternating prism
cover test (APCT) to determine the eye position at far (5 m)
and near (30 cm) vision. Orbital MRI was used to determine
the extraocular muscle path shift. MRI was carried out
with a 1.5 Tesla imager (Intera Achieva; Philips, Best, The
Netherlands) with head coil. T 2-weighted imaging (T2WI)
was obtained vertically to the optic nerve. The imaging
parameters of T2WI were set as follows: repetition time (TR),
2000 milliseconds (msec); echo time (TE), 85 msec; matrix,
78 x 80; field of view, 100 x 100 mm; slice thickness, 3 mm;
interval gap, 0.3 mm; number of excitations 2. A coronal
slice image 6 mm anterior to the eyeball-optic nerve junc-
tion was chosen for the measurement of the EOM path shift.
After tracing the outline of the cross-sectional eyeball and
EOM, we then determined their centroids. Lines were drawn
between the eyeball and the EOM and used to measure the
angle of the lateral rectus, eyeball, and superior rectus as per
the method of Yokoyama et al >3 (Figures 1 and 2). Horizontal
MRI was performed to determine the orbital length between
the center of the lens and the top of the muscle (Figure 3).
A total of 20 high-myopia patients without double vision
and 10 normal cases, who served as controls, were examined

Figures | Lines were drawn between the eyeball and the extraocular muscles to
measure the angle of the lateral rectus, eyeball, and superior rectus according to
Yokoyama et al.2?

Abbreviations: G, centroid of the glove; S, superior rectus; L, lateral rectus.

during the MRI study. Values are presented as mean & SD.
Statistical significance of differences was determined using
a 2-tailed 7 test.

Results

Case description of two typical cases
Casel

A 65-year-old woman visited our clinic for sudden-onset

of double vision at far vision. Her corrected visual acuity
was 20/30 OD (right eye) and 20/25 OS (left eye), and her

Figures 2 We drew lines between the eyeball and the extraocular muscles to
measure the angle of the lateral rectus, eyeball, and superior rectus (Coronal MRI
of case 2).
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Figure 3 We measured the orbital length between the center of the lens and the
top of the muscle cone using horizontal MRI.

refraction was —7.0 D OD and —6.75 D OS. Ophthalmo-
logical examination was almost completely normal except
for slight bilateral cataract. Her axial length was 25.5 mm
in her right eye and 25.5 mm in her left eye. She had an
exophoria-tropia of 6 prism diopters (PD) at near vision
and an esotropia of 6 PD at far vision. MRI indicated the
presence of a long globe that filled the space of the orbits.
A nasal shift of the superior rectus and an inferior shift of the
lateral rectus were observed. But the medial rectus, inferior
rectus, and superior oblique muscles did not shift. Both the
lateral rectus and superior rectus were thin (Figure 4). The
angle of her lateral rectus, eyeball, and superior rectus was
110 degrees in the right eye and 106 degrees in the left eye.
Her orbital length was 43.2 mm in the right eye and 43.1 mm
in the left eye.

Case 2

A 56-year-old man presented with diplopia at far vision
for about 1 year. His corrected visual acuity was 20/20
OD and 20/20 OS, and his refraction was —13.75 D OD
and —13.25 D OS. The anterior segments of both eyes were
normal. The fundi showed slight chorio-retinal atrophy. His
axial length was 29.0 mm in the right eye and 29.1 mm in
the left eye. He had an esophoria of 6 PD at near vision
and an esotropia of 16 PD for at far vision. Eso-deviation
was seen in the Hess screen chart without limitation. MRI
indicated a long globe filled the space of the orbits. A nasal
shift of the superior rectus and an inferior shift of the lat-
eral rectus were observed. But the medial rectus, inferior
rectus, and superior oblique muscles did not shift. Both the
lateral rectus and the superior rectus were thin (Figure 5).

Figure 4 A) Case |: Nasal shift of the superior rectus and an inferior shift of the
lateral rectus were observed. Both the lateral rectus and superior rectus were thin.
B) Case I: A long globe fills the space of the orbits.

The angle of his lateral rectus, eyeball, and superior rectus
was 122 degrees in the right eye and 140 degrees in the left
eye. His orbital length was 43.9 mm in the right eye and
43.2 mm in the left eye.

Clinical characteristics

Age, sex, the presumed age at the onset of diplopia,
refraction, eye position for the APCT, and the ocular axis
length are listed in Table 1. Refraction ranged from —6.0
to —15.75 D. Ocular axis measurements ranged from 24.8
to 31.0 (mean + SD: 27.6 £ 1.6) mm. Average ocular axis
length was 27.6 + 1.3 mm in the high-myopia patients without
double vision. These were significantly longer than that in the
normal cases (23.5 £ 1.0 mm) (P < 0.05). For the 13 esopho-
ria patients, there was 2 to 20 PD at near fixation, and 8 to
30 PD at far fixation. A total of 7 cases were exophoria-tropia
at near vision, but all the cases were invariably esotropia at
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Figure 5 A) Case 2: Nasal shift of the superior rectus and an inferior shift of the
lateral rectus were observed. B) Case 2: A long globe fills the space of the orbits.

far vision. The difference of the eye positions between the
near and far vision ranged from 6 to 22 PD.

MRI measurement

MRI indicated there was elongation and enlargement of both
eyes. This was especially prevalent in case 1, where the long
globe filled the orbital space and there was thinning of both
the lateral and superior rectus (Figure 4 and 4b). In case 2,
MRI demonstrated the presence of esodeviation (Figure 5b).
In addition, we also noted a nasal shift of the superior rec-
tus and an inferior shift of the lateral rectus (Figure 5a).
The EOM angles in these patients ranged from 100 to
140 (112.9 £ 9.7) degrees, which was significantly higher
(P < 0.05) than that seen in the high-myopia patients with-
out double vision (average EOM angle, 99.2 + 2.8 degrees)
and normal cases (average EOM angle, 97.9 + 3.8 degrees)
(Tables 1 and 2). However, orbital lengths in the patients
were 41.0 to 49.8 (44.6 £ 2.3) mm, which also significantly
differed from the high-myopia patients without double vision
(average orbital length, 49.9 £ 2.0 mm) (P < 0.05), but did

not significantly differ from normal cases (45.5 + 1.6 mm)
(P < 0.05) (Tables 1 and 2).

Discussion

In our clinic, divergence insufficiency associated with high
myopia is not a rare phenomenon. We qualitatively have
found a nasal shift of the superior rectus and an inferior shift
of the lateral rectus in these cases. In the present quantita-
tive study, using EOM angle, the shift was evident in all of
our cases. However, the medial rectus, inferior rectus, and
superior oblique muscles did not shift. In both the patients and
the controls, the orbital lengths remained the same and at no
time exhibited any change. Interestingly longer orbital lengths
were noted in the high-myopia cases without double vision.

The one common feature that was found in our 20 patients
but not in our controls and in those patients with high myopia
without double vision was an EOM angle that was higher than
100 degrees. These results suggest that shifts of the EOM are
highly associated with the divergence insufficiency. The pres-
ence of a long globe that fills the space of the orbits may be
the factor responsible for the mechanical limitations that are
more prominent in vergence. However, in the high-myopia
cases without double vision, no mechanical limitations were
noted, most likely due to the large orbital space that was
found in these cases.

Yokoyama et al have reported that both the lateral rectus
and superior rectus shifts were caused by an elongated pos-
terior portion of the eyeball related to the high myopia.?* In a
further study by Aoki et al, nasal shift of the superior rectus and
an inferior shift of the lateral rectus were observed in acquired
esotropia cases with high myopia.* The high myopia with
divergence insufficiency that was noted in our current cases
is similar to these previous findings, although the degree seen
was quite mild in our patients. An early study has suggested
that an elongated eyeball causes neither EOM path shifts nor
eyeball prolapse prior to the axial length attaining the critical
level.® Aydin et al used orbital CT to examine 2 cases of high
myopia with abduction deficiency. Their results suggest that
it is the large size of the long globe that fills the space of the
orbits in conjunction with the tightness of the medial rectus that
is responsible for the abduction limitations that are found in
these cases.® However, even though we excluded the abduction
deficiency in our study, the esotropia mechanism seen during
distance vision appears to be identical.

The lateral superior rectus (LR-SR) band joins the lateral
and superior rectus muscle.

This LR-SR band originates from the lateral border of the
superior rectus pulley and terminates in the superior border
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Table | High-myopia patients with divergence deficiency

Case APCT Refraction Ocular Axis EOM Angle Orbital Length

Agelsex Near/far R L R L R L R L

I) 65/F XPT6/ET6 -7.0 —6.75 25.5 255 110 106 43.2 43.1
2) 56/M EP6/ET 16 —-13.75 —-13.25 29.0 29.1 122 140 43.9 43.2
3) 65/F EP8/ET30 -9.0 —6.75 27.5 258 107 103 458 44.2
4) 57/F EP6/ET I8 -9.5 -8.75 272 26.8 114 114 48.2 49.8
5) 74/F EP20/ET30 —11.25 -9.75 26.8 26.3 126 125 45.8 46.0
6) 42/F XP4/ET8 —-15.75 —-15.75 30.6 29.9 102 106 46.0 46.2
7) 55/M XPT8/ETI0 -7.5 —6.0 26.6 25.8 115 108 44.2 44.1
8) 50/F XPT6/ET2 -85 -8.0 29.3 29.3 110 122 40.3 41.7
9) 61/F XP2/ET4 -7.0 -7.0 249 24.8 103.8 101.5 42.4 43.5
10) 28F EPI8/ET25 -11.0 —-12.5 27.6 27.6 105.5 107.2 46.2 45.8
1'1) 58/F EPS/ET 14 -11.5 —-12.5 28.4 28.2 102 104 48.9 48.0
12) 58/F EP6/ET8 —-6.5 —6.5 26.5 26.1 103 105 44.5 46.0
13) 65/M XP4/ET6 —-6.0 -7.0 26.6 272 102 100 47.0 45.5
14) 52/F EP4/ETI6 -12.0 -12.0 27.6 27.7 115 120 41.0 42.0
15) 58/F EP2/ETI0 -85 -9.5 27.3 27.6 102 109 48.0 48.2
16) 76/M XP8/ET3 -9.5 —-6.0 287 26.7 17 116.5 44.5 44.0
17) 52F EP4/ET 16 -12.0 -12.0 27.6 27.6 115 120 41.0 42.0
18) 49F EPI/ETI2 -13.0 -14.0 31.0 30.2 133 120 43.0 43.5
19) 62F EPS/ETI8 -6.5 -7.0 25.9 26.0 114.2 118.8 43.8 42.5
20) 53F EPI10/ET20 -10.0 —-12.5 29.9 304 121 130 46.0 46.5

Abbreviations: E, eso; X, exo; P, phoria; T, tropia; APCT, alternating prism cover test; EOM, extraocular muscle.

of the lateral rectus pulley. In esotropia with high myopia, Our results indicate that orbital MRI measurements

degeneration of the LR-SR band causes the lateral rectus  can be used to evaluate high myopia with divergence

muscle to slip inferiorly.”® Divergence deficiency associated  insufficiency. Our findings also suggest that a mechanical

with high myopia may be due to the degeneration or weakness  cause related to axial high myopia should be considered in
of the LR-SR band.

patients with non-neurological divergence insufficiency.

Table 2 High-myopia patients without double vision

Case Refraction Ocular Axis EOM Angle Orbital Length
Agelsex R L R L R L R L

1) 63F -9.0 -85 27.2 27.0 96.4 97.4 522 50.8
2) 40M -10.5 -9.5 28.1 27.6 99.0 97.1 51.8 50.2
3) 33M —-11.0 -11.0 28.2 28.1 102.8 102.2 48.4 48.2
4) 66F -11.0 -12.0 27.2 27.1 98.5 98.0 525 523
5) 57F -9.0 -9.0 25.8 26.0 98.0 96.0 49.0 49.0
6) 75F -9.75 -9.0 27.5 27.9 97.5 97.2 48.0 48.2
7) 40M -10.5 -10.0 28.0 27.6 96.5 97.0 525 52.0
8) 46F -11.0 7.5 25.5 255 99.0 95.7 52.0 52.0
9) 35F -10.0 -9.5 28.5 27.7 108.0 100.5 49.0 49.5
10) 28F -8.0 -8.0 25.1 25.2 102.1 98.2 46.5 46.5
I'1) 55F -9.0 -9.5 272 27.5 102.0 98.5 47.2 47.4
12) 55F —6.25 —6.25 25.8 25.9 95.2 98.2 53.0 53.2
13) 40F -7.0 -7.0 28.5 27.9 99.0 99.2 47.5 47.1
14) 50F —-13.5 —-14.5 29.5 303 102.5 103.4 52.0 50.5
15) 38M -14.0 —-13.0 29.6 29.2 100.3 98.2 50.6 50.0
16) 50M —13.5 14.0 29.4 29.0 98.4 98.7 52.1 523
17) 56F —6.0 —6.0 272 27.2 101.8 98.2 46.0 46.1
18) 41F -13.0 —-13.5 27.5 27.5 107.2 103.7 48.0 48.0
19) 49M -11.0 -9.0 28.0 27.0 100.5 100.3 51.5 52.0
20) 68F -12.0 -10.0 282 28.1 105.0 104.0 48.0 48.0
Abbreviation: EOM, extraocular muscle.

Clinical Ophthalmology 201 1:5 submit your manuscript I5

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Kol

hmoto et al

Dove

W

hen diagnosing these types of patients, the presence of

these conditions may be early initial signs that are indicative

of

fixed esotropia.
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